Abstract: Violence is a manifestation of aggression. Aggressive behavior is a personality trait that comprises hostile, threatening and physical violence towards persons and objects. Aggression is a complex behavioral phenotype with a major genetic component. Hence it is reasonable that neural circuitries that affect emotional states like the central serotonergic, dopaminergic and noradrenergic systems also affect the predisposition towards aggressive and antisocial behaviors. Large number of candidate gene studies for aggression has been conducted worldwide. Successful identification of associations between genetic markers and aggression would contribute to understanding the neurobiology of antisocial behavior and potentially provide useful tools for risk prediction and therapeutic targets for high-risk groups of offenders and psychiatric patients.
Introduction
In criminal justice context recidivism can be defined as the reversion of an individual to criminal behavior after the person has been convicted of a prior offense, sentenced and presumably corrected. The reason for recidivism is the concatenation of failures like failure of the individual to live up to society's expectations, a consequent failure of the individual to stay out of trouble, failure of the individual as an offender, to escape arrest and conviction, failure of the individual as an inmate of a correctional institution to take advantage of correctional programs or failure of the institution to provide programs that rehabilitate.
According to the recent statistics published by National Crime Records Bureau, Ministry of Home Affairs, India, the share of recidivists among all offenders increased to 8.1% during 2015 as compared to 7.8% in 2014. The crime rate, 26.7 %, of total violent crimes in the country has shown an increase of 0.3% during the year 2015 1 . The quantum of total violent crimes is continuously increasing from 2010 to 2015.
Criminal recidivism rates remain very high among certain groups of offenders. Many offenders, even after severe sentences of imprisonment, repeatedly fail to desist from crime and reintegrate into the community as law-abiding citizens. Imprisonment, in itself, is incapable of addressing the offender's social integration issues. Even when solid prison programs have helped offenders to achieve some progress during detention, that progress is often lost in some offenders. Here arises the need for addressing the genetic influence of violent behavior of recidivist or habitual offenders.
Violent behavior widely ranges in their seriousness and their impact on the public. Early attempts to explain violent criminal behavior on the basis of inherited genetic predisposition focused on phenotype rather than genotype. In the late nineteenth century, Lombroso attempted to predict criminality based on physical characteristics such as strong jaws, heavy brows, bloodshot eyes, thick lips and projecting ears. Though these characteristics may have correlated to some degree with low intelligence and some are genetic syndromes, they were far from being valid indicators of criminality. Later another researcher, Sheldon also put forth a theory of criminality based on physical characteristics that is mesomorphic or muscular body type as a predictive of criminal behavior. Some research has supported mesomorphy and criminal behavior, but there were no consistent findings. Recently criminal behavior was addressed based on genotype rather than phenotype. Men with an XYY karyotype was once thought to be more aggressive and violent, but this theory was disapproved based on many studies in larger population.
With an understanding of molecular genetics and completion of human genome project, scientists now focuses on multiple genes that code for proteins and enzymes that can influence physiological processes which can in turn predispose an individual towards aggressive behavior which leads to violent crimes.
Genetics of aggressive behavior
Aggression is a deliberate series of actions that lead to harm, injury or destruction of another organism or property and is the most common factor promoting violent crimes 2 . Beyond the immediate cause of physical injury, aggressive behavior also produces profound long term emotional disabilities in its victims 2, 3 . When outburst of aggression is comorbid with DSM-IV-defined neuropsychiatric disorders, the offenders are usually given psychiatric care, but when they appear normal or healthy their most likely fate is punishment by law 3 .
The neural mechanism that mediates aggression is still poorly understood even though several neurotransmitters, neurotransmitter's transporters, neuro-receptors and enzymes are implicated in the pathology of this behavioral trait 4 . Not only the genetic makeup, but environmental factors also 4, 5, 6, 7, 8, 9 . Most of the genes thought to be related to extreme violence are involved in the detection, transportation, and breaking down of neurotransmitters, especially serotonin and dopamine. There have been many major studies published so far in the area of antisocial behavior and brain chemistry which indicates the role of serotonin, dopamine and nor-epinephrine in the etiology of aggressive and antisocialbehavior 4, 10 .
An Overview of Major Neurotransmitters Related to Aggressive Behavior
Neurotransmitters are chemicals stored in the synaptic vesicles of an axon and this axon carries the nerve impulse of the cell body to other neurons. During cellular communication, these chemicals are discharged into the synaptic cleft and are taken up by special receptors in the post synaptic neuron and hence the transmission of information throughout the brain.
There are many different neurotransmitters known to exist in the brain. But a specific neuronal cell will only produce one neurotransmitter. Major neurotransmitters include acetylcholine, the indolamine-serotonin (5-HT) and the catecholamines-dopamine, noradrenaline and adrenaline, all which are classified as monoamines. In addition, amino acid (gama-aminobutryic acid or GABA) and neuropeptides (beta-endorphin and enkephalins) also constitute neurotransmitters. Major neurotransmitters involved in the etiology of aggression and extreme violence are serotonin, dopamine and noradrenaline 4, 11, 12 .
Serotonin
Serotonin or 5-hydroxytryptamine (5-HT) is a neurotransmitter that has inhibitory properties and act as the body's natural brake system 13 . The release of serotonin modulates behaviors by dampening innate drives and instincts, mainly the impulsive behaviors 13, 14 . Serotonin is produced by the raphe nuclei in the middle of the brainstem which send projections through the cerebral hemispheres 13, 14 . Serotonin does not cross blood-brain barrier and hence in the brain it is synthesized in the selective cell bodies in the brain stem. The substrate for serotonin synthesis is dietary tryptophan. Tryptophan in plasma passes through the bloodbrain barrier and it is hydroxylated to tryptophan hydroxylase at the 5 th position, then decarboxylated by Lamino acid decarboxylase, forming serotonin and stored in vesicles for future release 14 .
Serotonin has been shown to play a key role in the initiation, execution and treatment of aggressive acts 14, 15, 16 . Several studies have confirmed a negative correlation between serotonin levels in the brain and aggression 15, 16 . The negative correlation between serotonin turnover and aggression is commonly known as the serotonin-deficiency hypothesis of aggression 15 . According to this hypothesis, aggression is characterized by low brain 5-HT levels. Given that extreme violence is often unplanned and spontaneous there has been a lot of interest in examining the precise role that the serotonergic system plays in the development of antisocial behaviors 17 .
Genes from the serotonergic system have also been identified as being potentially involved in the etiology of extreme violence. The neural activity of serotonergic system depends on the integration of several processes that involve serotonin synthesis, release, reuptake, degradation and receptor activation. The reciprocal interactions of serotonin with other several neurotransmitters and hormones provide further evidence that this indolamine mediates impulsive aggressive behavior. The ultimate effect of serotonin on aggressive behavior appears to be related to its actions on several transmitter substances 18 .
Serotonin deficiency and aggression
The original serotonin deficiency hypothesis was based on a negative correlation between trait like impulsive aggression/violence and the CSF concentration of the 5-HT metabolite in humans and other primates 15, 19 . In humans, low levels of the serotonin metabolite, 5-hydroxyindole acetic acid in the cerebrospinal fluid have been associated with aggression and other forms of antisocial behavior including assault, arson, murder, child abuse and as well as in violent forms of suicide 15 . Moreover, a substantial number of nonprimate animal studies have revealed that the propensity to exhibit excessive and abnormal forms of aggression is similarly linked to long-term reduced brain 5-HT activity 20 . In addition, studies have shown that chronically lowering or heightening brain 5-HT provokes increased or reduced levels of aggressive behavior respectively, further supporting the serotonergic deficiency hypothesis of aggressive behavior 2, 21 . Initially, the association was found in isolated mice that became aggressive while reducing their 5-HT turnover, an indicator of 5-HT neurotransmission and consequent degradation 2, 21 . Similar studies in humans and non-human primates confirm a negative correlation between serotonin turnover and aggressive tendencies 20, 23 . A body of research has examined whether variation in serotonin levels corresponds to variation in behavioral problems 4 . Although the findings have been mixed, a relatively recent metaanalysis found a statistically significant and negative association between serotonin levels and extreme violence 24 . In other words, lower levels of serotonin were found to correspond with greater involvement in acts of extreme violence.
Diets which are low in tryptophan, precursor of serotonin which acts to increase its concentrations in the brain, have been shown to increase aggression in animals and humans 25 . The relevance of the serotonergic pathway in violent behavior is further supported by the ability of parachlorophenylalanine, an irreversible inhibitor of 5-HT biosynthesis to heighten aggression in animals 26 .
The extracellular levels of 5-HT also depend on its reuptake and metabolic degradation by monoamine oxidase (MAO) enzymes. Serotonin selective reuptake inhibitors (SSRIs), which increase the availability of serotonin in the brain and are used commonly for the treatment of depression, were also effective for the treatment of aggression 27 . 28 . These findings indicate that availability of 5-HT at the synapses influences aggressive behavior. Further, a single nucleotide polymorphism in the coding region of tryptophan hydroxylase, the enzyme for 5-HT synthesis gene, resulted in anger and aggression in healthy humans 26 .
Serotonin receptors and aggression
The effects of serotonin in the nervous system are mediated by a family of different 5-HT receptor subtypes, many of which contain distinct subunits and differ in their mechanism of signal transduction 14 . Although studies have shown inverse relationship between 5-HT levels in the brain and aggressive behavior, the roles of 5-HT receptor subtypes in aggression are yet to be clearly elucidated. Pharmacological investigations and the use of knockout approaches in rodents revealed that 5-HT 1 and 5-HT 2 receptors, and their respective sub-types are more relevant in the expression of aggressive behavior 26, 29 . The 5-HT 1A/B receptors are located presynaptically as auto receptors on the soma and dendrites of serotonergic neurons, as well as post-synaptically on nonserotonergic neurons in several cortico-limbic areas that receive 5-HT terminals 29 .
Animal studies have shown that the use of specific agonists especially for 5-HT 1 receptor subtypes leads to a reduction in aggressive behavior 26 . Conversely, inhibition of 5-HT 1 receptor subtypes using specific antagonists generally promotes aggression, although this relationship is not very consistent 29 . The 5-HT 1A/B receptors that regulate serotonergic system have shown to be more relevant in the mediation of aggression and violence 26, 29, 30 . The 5-HT 1A agonists exert potent anti-aggressive activity 16, 26 , but a number of 5-HT 1A antagonists also decreased aggression. Such a discrepancy may be the result of these agents interacting with pre or post-synaptic 5-HT 1A receptors, other 5-HT receptor subtypes or other neurotransmitter systems 31 .
Regarding the 5-HT 1B receptor, knockout mice lacking this gene display heightened aggression compared to wild types, indicating an important role for this receptor subtype in the mediation of aggression 32 . Activation of 5-HT 1B receptors inhibits aggressive behavior despite decreasing serotonergic tone; presumably the behavioral effects of 5-HT 1B receptor activation reflect modulation of other neurotransmitter systems 26 . The effect of 5-HT 1A and 5-HT 1B receptors in the control of 5-HT tone and vice versa aggression suggests that there are other 5-HT receptors that might be playing a crucial role in violent behavior.
Studies have also shown that there is reduced functionality of post-synaptic 5-HT 2A/C heteroreceptors in aggressive individuals 26 . Studies examining the effect of the 5-HT 2 receptor reveal that the selective 5-HT 2A/2C agonist 1-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane decreases aggression at high doses, but also elicits a characteristic side effect of 5-HT stimulation termed "wet dog shaking" 33 . However, the relationship is not as clear with 5-HT 2 antagonists, as several studies have shown conflicting results. Antagonism of 5-HT 2 receptors appears to decrease aggression in animal models, and this effect may explain the ability of newer antipsychotic agents to produce a reduction in aggression and agitation independent of effects on psychotic symptoms 34 . Studies suggest that the overall frequency of assaults, use of seclusion, mechanical restraint and chemical restraint in patients with schizophrenia who are treated with clozapine are reduced over traditional neuroleptics 35 .
The presence of 5-HT 3 receptors in the amygdaloid complex and cerebral cortex suggests that these receptors may play potential roles in the mediation of aggression 27 . 5-HT receptors are involved in fast excitatory activities that are crucial in emotional and behavioral responses, as well as in other, less defined functions such as sensory perception, memory and motor control 36 . The continued discovery of 5-HT receptor subtypes indicates that further study will be needed to clarify the specific roles of the various receptor subtypes and their interactions in aggression.
Serotonin transporter and aggression
The most widely studied serotonergic gene as it relates to behavior is the serotonin transporter (5HTT) gene. The 5HTT gene is located on chromosome 17 and has a 43 basepair insertion/deletion found in the 5′ regulatory region of the gene 37 . This polymorphism, symbolized as 5HTTLPR, contains two groups of alleles: low expressing alleles and high expressing alleles. The 5HTTLPR polymorphism is functional, where the low expressing alleles have been found to suppress transcription of the serotonin transporter protein 38, 39 . The end result is that carriers of the low expressing alleles could have diminished levels of serotonin available in the brain, which has led most researchers to conclude that the low expressing alleles are the risk alleles for antisocial behaviors.
A number of studies have documented a statistically significant association between 5HTTLPR and antisocial outcomes. Carriers of the low expressing alleles are at risk for displaying ADHD symptoms 40 , consuming large amounts of alcohol 41 and having childhood conduct disorder 40 . Of particular interest are studies that have examined the relation between the 5HTTLPR polymorphism and aggression and violence. There are a limited number of studies that have explored this topic, but there are two showing that the low expressing alleles are associated with increased involvement in aggressive acts in samples of children 42, 43 . This is particularly important because one of the best predictors of extreme violence in adolescence and adulthood is childhood aggression and conduct problems 44 . Thus, it is quite possible that the low expressing alleles differentially set persons onto a violent antisocial pathway very early in the life course.
Two additional studies examined the effect that the 5HTTLPR polymorphism has on extreme violence in adults. In the first study, Retz et al., (2004) analyzed the distribution of 5HTTLPR alleles in a sample of violent and nonviolent offenders. Results of their analysis revealed that the low expressing alleles were more prevalent among violent offenders than nonviolent offenders 45 . This is a particularly compelling study because it showed that the 5HTTLPR polymorphism could be used to distinguish different types of offenders. In the second investigation, Liao et al., (2004) 46 . They analyzed genotypic data from a sample of Chinese males. Results of their analysis indicated that extreme violence was more common among males who carried the low expressing alleles. Collectively, these studies hint at the very real possibility that the origins of extreme violence may be partially tied to the 5HTTLPR polymorphism.
Dopamine
Dopaminergic system is part of the pleasure/reward system of the human body and hence dopamine acts as a natural reinforcement of the human body by generating euphoric feelings 14 . That is the reason for repeating the behaviors that stimulates the release of dopamine. The usage of certain drugs (cocaine etc.,), eating, sexual intercourse etc., increases dopamine level and hence they are repeated again 14 .
The substrate for serotonin synthesis is dietary phenylalanine. Tyrosine (hydroxyl-phenylalanine) is synthesized from Phenylalanine is found naturally in the breast milk of mammals and tyrosine (hydroxylphenylalanine) is synthesized from Phenylalanine. When tyrosine enters by active transport, it is first converted into dihydroxyphenalanine (DOPA) by the enzyme, tyrosine hydroxylase and then converted into dopamine by the enzyme, L-amino acid decarboxylase (DOPAdecarboxylase). Dopamine is then actively transported into storage vesicles. After dopamine is released into the synaptic cleft, it is removed mainly by re-uptake back into the presynaptic neuron. Dopamine is also removed by the action of the enzyme, catechol-O-methyltransferase (COMT) 14 .
Dopamine mechanisms associated with the mesolimbic and mesocortical pathways have been linked to various psychiatric disorders such as schizophrenia and anxiety which are thought to be related to increased activity of dopaminergic synapses. The mesocorticolimbic dopaminergic neurons are involved in the mediation of aggressive behavior and also contribute to other motivated behaviors, such as reproductive and maternal behaviors. Variation in dopamine levels has been tied to the development of psychosis, schizophrenia, bulimia and depression. High dopamine levels are associated with involvement in violent and aggressive acts 4,47 .
Dopamine receptors and aggression
Two dopamine receptor genes, DRD2 and DRD4 are associated with antisocial behaviors resulting in violence and aggression. DRD2 is located on chromosome 11 and is implicated in the production of D2 receptors, which are involved in the postsynaptic detection of dopamine. D2 receptors are highly concentrated in neurons found in the midbrain, the caudate, the nucleus accumbens, the amygdala, the hippocampus and the cerebral cortex areas of the brain that have been linked to violence and aggression 44 .
DRD2 is a polymorphic gene that contains two alleles: the A1 allele and the A2 allele. Researchers have indicated that carriers of the A1 allele are at an increased risk for various psychopathologies, including victimization 48 , alcoholism 49 and pathological gambling 50 . The studies examining whether A1 allele is related to extreme violence and aggression are more applicable. A1 allele of DRD2 is associated with increased involvement in acts of serious physical violence and aggression 48, 51 .
DRD4 is another dopamine receptor gene that has been identified as a likely contributor to violence and other antisocial behaviors 52 . DRD4 codes for the production of receptors that facilitate postsynaptic detection of dopamine. DRD4 is found on chromosome 11 and has a polymorphism that arises from a 48 basepair VNTR in the third exon. Although the alleles for this polymorphism can be repeated between 2 and 11 times, the 4-repeat allele and the 7-repeat allele are the two most common 53 . This polymorphism has been found to be functional, where the 7-repeat allele codes for receptor proteins that are not as efficient at binding dopamine when compared to the receptor proteins produced by the 4-repeat allele 54 . As a result, the 7-repeat allele has been identified as the risk allele for antisocial behaviors, including extreme violence and physical aggression 54 .
Dopamine transporter and aggression
Dopaminergic gene that has been the widely studied with regard to violence is the dopamine transporter gene (DAT1). DAT1 is located on chromosome 5 and codes for the production of the dopamine transporter protein, which is partially responsible for terminating dopamine activity from the synapse 14 . DAT1 has a polymorphism in the 3′ untranslated region of the gene. This arises from a variable number of tandem repeats (VNTR) that can be repeated between 3 and 11 times and this polymorphism has been shown to affect genetic expression 55 . Some researchers have found out that the 10-repeat allele which is coding for a dopamine transporter protein is extremely efficient at removing dopamine from the synapse 56 . Hence the 10-repeat allele is the "risk allele" that is thought to increase violent, aggressive and various other antisocial behaviors. Two studies, both of which used data drawn from the National Longitudinal Study of Adolescent Health (Add Health) that document a link between DAT1 10R allele and violence 48, 51 . These two researches provide initial evidence that DAT1 may play some role in the commission of extreme violence.
Noradrenaline
Noradrenaline is involved critically in the regulation of mood and behavior. Pharmacological manipulations of noradrenaline levels or specific noradrenergic receptors indicate that noradrenaline signaling facilitates aggression 18 .
The substrate for noradrenaline is also dietary phenylalanine. Synthesis of noradrenaline is same as that of dopamine. After the synthesis and active transport of dopamine into storage vesicles, dopamine is converted into noradrenaline by the enzyme, dopamine-beta-hydoxylase (DBH) 14 . Noradrenaline is then released by exocytosis into the synaptic cleft and is removed primarily by re-uptake into the synaptic terminal. Other mechanism that somewhat contribute include the inactivation by catechol-O-methyltransferase (COMT) in the effector cell or by destruction in the liver by COMT and monoamine oxidase (MAO) 14 .
The greatest concentration of noradrenergic neurons is located within the pons in the locus cerulus. Other groups of noradrenergic neurons are located in different regions of medulla. These neurons project to forebrain, including the limbic system, diencephalon and cerebral cortex 14 .
Noradrenaline's effect on aggressive behavior can be explained in terms of the stress-response system and the type of aggressive behavior elicited 57 . Noradrenaline is affecting aggression on three different levels. The synergetic way of action of noradrenaline is through the hormonal level, the sympathetic autonomous nervous system and the central nervous system 18 . Hormonal catecholamines (adrenaline and noradrenaline) are involved in metabolic preparations of the organism for the prospective fight; the sympathetic system ensures appropriate cardiovascular reaction, while the CNS noradrenergic system prepares the animal for the prospective fight 18, 58 . The major indirect effects of noradrenalin on CNS include decrease in pain sensitivity and the enhancement of memory, which is very relevant for the survival of the animal.
Amphetamine usage has also been linked with increased aggression and this is probably because its major action within the brain is to facilitate the release of pro-aggression neurotransmitters such as noradrenaline and dopamine. The α-and β-adrenergic-receptor sub-types have been shown to mediate aggressive effect of noradrenaline 58 .
Other neurotransmitters associated with aggression
The other major neurochemicals linked to aggression include gamma-aminobutyricacid (GABA) and glutamate 18 . Agents that affect these neurochemicals are known to cause serious side effects and hence the limitation of their usefulness in aggression 59 .
Gamma-aminobutryic acid (GABA)
In the mammalian central nervous system Gammaaminobutyric acid (GABA) is the primary mediator of inhibitory transmission. GABA modulates aggression and researches have shown low levels of this neurotransmitter in aggressive individuals 14 . Substances that potentiate GABAergic neurotransmission reduce aggressive activity 20, 59 . Allosteric modulators of GABA A receptors, such as benzodiazepines and barbiturates, influence aggression levels in rodents 16, 20 . The facilitative effect of alcohol on aggression occurs through allosteric modulation of GABA A receptors. The duration and frequency of opening of chloride ion channels are increased by alcohol and thereby enhances GABA mediated chloride flux. GABA-receptor agonists reduces arousal thereby decreases aggression in many people 16, 59 . Drugs such as barbiturates, benzodiazepines and morphine which act on these systems reduce arousal as well as aggression.
Glutamate
Glutamate is an amino acid that has excitatory effect on CNS and hence implicated in the genesis of aggression and violent behavior. Glutamate increases neuronal excitation which increases aggression and is also implicated in the expression of defensive rage behavior in exaggerated emotional reactivity 58 . Compounds with inhibitory effect against glutamate NMDA receptors may exhibit a nonspecific effect on aggression, mainly due to sedation 58 .
Enzymatic Degradation Polymorphisms and Aggression
Enzymatic polymorphisms that have been involved extreme violence are in the genes that are involved in metabolizing neurotransmitters. Catechol-O-methyltransferase (COMT) gene and the monoamine oxidase A (MAOA) gene have consistently been shown to relate to antisocial behaviors 60 .
Catechol-O-methyltransferase (COMT)
The COMT gene is located on chromosome 22 and codes for the production of the COMT enzyme. Partial break down of neurotransmitters dopamine, adrenaline and noradrenalineare carried out by this enzyme 60 . Thus it plays a crucial role in terminating the synaptic activity of these neurotransmitters. The COMT gene has a single nucleotide polymorphism which is functional, where one allele codes for the production of the amino acid methionine (Met allele) and the other allele codes for the production of the amino acid valine (Val allele). Val allele is associated with lower COMT activity than the Met allele. COMT activity associated with the Met allele is thought to be positively related to violence and hence the Met allele is the risk allele for antisocial behaviors 61 .
Studies in a sample of schizophrenic patients to examine the effect of the COMT polymorphism, patients showing extreme violent behaviors were carrying two copies of the Met allele when compared to patients with no history of extreme violence 62 .
Monoamine oxidase-A (MAO-A)
MAOA is an enzyme that breaks down the neurotransmitters serotonin and dopamine. The MAOA gene codes for the production MAOA enzyme. This gene is located on the X chromosome. Hence males have only one copy of this gene while females have two copies. The MAOA gene has a polymorphism that is the result of a 30 base-pair VNTR in the promoter region of the gene 63, 64 . There have been two categories of alleles for this polymorphism. Alleles that that correspond to low MAOA activity are the first group and the other group contains alleles that correspond to high MAOA activity. The low MAOA activity alleles are not as effective as the high MAOA activity alleles in metabolizing neurotransmitters. Thus the low MAOA activity alleles are considered as the risk alleles for various psychopathologies and extreme violence 65 .
The linkage of MAOA gene to extreme violence in humans was initially discovered by Brunner et al., when they studied 66 . Fourteen males from this family lineage were diagnosed with various mental disorders including serious physical violence. Further studies by Brunner and his colleagues found that females of this family were immune to such behavior and hence they reasoned that the gene would be found on the X chromosome. By genetic linkage analysis, they found that MAOA gene was malfunctioning in all of the males of these Dutch kindred with this disorder which results in the non-production of MAOA enzyme 67 .
Outside of this single Dutch family pedigree no other documented cases of persons have this mutated MAOA gene 68 . Most of the researches that were conducted to examine whether variants of the MAOA gene are linked to violence revealed that there is not a direct, main association between MAOA and antisocial behaviors. However, there is an impressive amount of research showing that in the presence of detrimental environmental conditions the low MAOA activity alleles can increase violence and aggression. A sample of males from the Dunedin Multidisciplinary Health and Development Study were examined by Caspi et al., (2002) to check the interrelationships among MAOA, childhood maltreatment and antisocial phenotypes. The results indicated that there was no main effect of MAOA on antisocial phenotypes 69 . Capsi and colleagues further analyzed the results and it was revealed that MAOA was associated with aggression and violence in males who had been maltreated as child. Although only about 12% of the sample had been maltreated and had the low MAOA activity allele, they were responsible for 44% of all the violent convictions in the cohort 69 . Results of a recent meta-analysis indicated that across a range of studies, the association between MAOA and psychopathology is contingent on the presence of an adverse environment 70 . All the available data suggests that perhaps the one gene that is most consistently related to extreme violence is MAOA 71 .
Epigenetics
Epigenetics provides the new science about the interplay of nature and nurture. Epigenetics means in addition to the genes and conceptually it is "any process that alters gene activity without changing the DNA sequence" 72 . According to Gottlieb (2007) "Epigenetic modifications of DNA affect its ability to be read and translated into proteins by making the code more readily accessible or inaccessible, or they may increase or decrease the level of protein products and thus the reaction range of a gene" 73 . DNA itself only specifies for transcription into mRNA and mRNA itself has to be translated by tRNA and assembled by rRNA. In epigenetic modifications depending upon the signals from the internal chemical environment and/or by its external physical and social environment genes are switched on and off according to the challenges it faces 74 .By chronic internal or external environmental events some genes that may be shaped so that they are turned on or off by less than the normal environmental instigation or even in the absence of such instigation. The epigenetics of gene expression may have as much or more influence on developmental individual differences than individual differences in DNA polymorphisms 75 .
The two main processes of epigenetic regulation are DNA methylation and histone acetylation. DNA methylation prevents the translation of DNA into mRNA and hence the particular protein that is coded by a gene is not manufactured. In histone acetylation the DNA wrapped around the histones are loosened, which increases the likelihood of genetic expression 76, 77 . In response to various internal and external signals, both processes may occur spontaneously and the resulting regulatory alterations are heritable but reversible 77 . Taken together, the science of epigenetics put forward the new idea of genomic plasticity which is analogous to neural plasticity that makes the brain physically calibrated to environmental events.
From the recent studies of epigenetic molecular mechanisms in the nervous system, epigenetic mechanisms do not just contribute to phenotypic hardwiring at the cellular level. Nervous system is with its abundance of terminally differentiated, non-dividing cells, the neurons. Hence epigenetic mechanisms also plays a role in acute regulation of gene expression in the nervous system in response to a wide range of environmental signals such as stress, physical/sexual abuses, drugs of abuse and many others 78 . In addition, epigenetic mechanisms appear to contribute to both psychiatric and neurological disorders.
Epigenetics in the nervous system, in particular, has made breath-taking advances over the course of the last 10-15 years. Initially, there were only a handful of studies, mainly focused on a single mark, DNA cytosine methylation, in the context of brain aging and development 78 . Fast forward to the present, and the database grew to hundreds of studies, collectively indicating that epigenetic landscapes in brain maintain their highly dynamic and bi-directional regulation throughout the lifespan, and play a critical role in the mechanisms of learning, memory and, more generally, neuronal plasticity 78 . Furthermore, a rapidly expanding repertoire of chromatin modifying drugs has been shown to exhibit an unexpectedly broad therapeutic potential for a wide range of degenerative and functional disorders of the nervous system and furthermore, epigenetic dysregulation at selected loci or even genome wide, is thought to play a key role for the molecular pathology of major psychiatric disorders (including some cases diagnosed with autism, schizophrenia, depression and aggression) or maladaptive mechanisms associated with addiction and substance dependence and abuse 74 .
Conclusion
Today, in many communities all over the world, violence has become common, resulting in drastic outcomes in society such as an increase in drive by homicides, rapes, gangrelated activities etc.,. Hence more work is needed in understanding genetic and environment underpinnings of aggression and violence. Behavior is the result of a genetic and environment predisposition. Biologic mechanisms of violent behavior can be modified by use of medication.
Research from adoption designs suggests that the geneticenvironmental interaction may be a strong contributor to aggressive behavior, that interventions should target individuals who are genetically at risk in addition to living in an adverse environment in preference to interventions that focus on only one risk factor.
The genetic-environmental interactions reported here suggest that the expression of a genetic diathesis is dependent on the environment so that reshaping the home environment can have a profound influence on apparently genetically "determined" behavior 79 . Genetic determination is obviously affectable in some cases by the environmental milieu. The molecular genetics findings offer promise of development of biochemical approaches to control or modulation of aggressive behavior. Obviously, the physiology of aggression is complex and, as the review shows, many factors impinge on the biochemical system in the brain. It remains to be seen whether specific biochemical interventions can be devised to affect aggressiveness without causing problems in other behavioral areas. One of the advantages of the molecular biologic approach is the ability to distinguish the effect of a specific gene on the spectrum of aggressive behavior, which people as well as animals manifest. This perspective could result in a biologically based classification of aggressive behaviors that could rationally guide both biochemical and behavioral approaches to aggressiveness management. Impulsivity, aggressiveness and associated violent behavior are common traits, the expression of which must be carefully modulated to ensure the success of individuals, small groups and large societies, especially within the current framework of globalization. From behavioral genetics, molecular genetics and evolutionary models of violence, we may more fully understand which individuals are at greatest risk of extreme violence. We can then begin to examine the interaction not only between genes and environmental catalysts for violence, but also interaction between genes and treatment and prevention efforts for violence. Even though many genetic and psychological researches related to aggressive behavior have been done worldwide, no such researches among offenders are conducted in India. If the basic causes of the crime can be identified in a grass root level, the corrective measures can be implemented so as to prevent the increasing rate of criminality and recidivism in the country. This is the promise that behavioral genetics and molecular genetics may hold as it's ultimately turns from treatment to outcome research.
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